Introduction: Event rates after percutaneous coronary interventions (PCI) are higher in small than large coronary vessels but may vary between different drug-eluting stent (DES) types.
Introduction
Interventional treatment of small vessel disease remains challenging, mainly due to increased rates of ischaemic endpoints after percutaneous coronary intervention (PCI). Most ischaemic endpoints are caused by in-stent restenoses, which generally are more frequent in small than in large coronary vessels because the absolute lumen loss after stent implantation comprises a larger proportional percentage of the total lumen diameter. Previous studies in small vessel disease have shown that drug-eluting stents (DES) are superior to bare metal stents (BMS) regarding both angiographic results and clinical events [1] [2] [3] , a finding that was corroborated in a recent meta-analysis [4] . While rates for recurrent ischaemic events after implantation of DES are between 5% and 25% with somewhat better results for "limus"-than paclitaxel-eluting stents in a general population [5] [6] [7] [8] , there was equipoise between "limus"-and paclitaxel-eluting stents in the subgroup of patients with diabetes mellitus, who normally suffer from small vessel disease [9] [10] [11] . In contrast, a recent randomised controlled trial in small vessel disease showed the superiority of everolimus-over paclitaxel-eluting stents in a selected high-risk diabetic population from India [12] . Finally, although improvements in stent technology were thought to further decrease both late lumen loss and ischaemic event rates in small vessel disease, newer-generation stents seem to show a similar effectiveness as first-generation products [13] [14] [15] . In this context, randomised data comparing first-generation paclitaxel-eluting stents and second-generation "limus"-eluting stents in an all-comer population with small vessel disease are warranted.
Material and methods
The Late clinical events after paclitaxel-versus zotarolimus-eluting stents in patients with small vessel stenting (BASKET-SMALL Pilot) study was a single-centre randomised controlled trial that compared two different DES, i.e., the first-generation paclitaxel-eluting Taxus Liberté stent (Boston Scientific, Natick, MA) and the second-generation zotarolimus-eluting Endeavor Sprint stent (Medtronic, Minneapolis, MN) in the treatment of small vessel disease. The study was designed as a pilot study to estimate the required patient number for an intended larger pivotal trial and enrolled patients in parallel to another clinical stent trial for large vessel treatment [16] . Of note, the initial design of the study planned to compare the Taxus Liberté stent with another paclitaxel-eluting stent, i.e., the CoStar stent (Conor Medsystems, Menlo Park, CA). Unfortunately, this latter stent was withdrawn from the market because of unfavourable clinical results [17] and had to be replaced with another comparator stent after the inclusion of a small number of patients in the trial.
The inclusion criterion was small vessel PCI using at least one stent < 3.0 mm in diameter. Exclusion criteria were the following: in-stent restenosis, bypass graft disease, main stem disease to be treated, cardiogenic shock, planned surgery within the next 6 months, treatment with vitamin K antagonists, e.g., due to artificial heart valves or atrial fibrillation, no compliance expected, enrolled in another study, or no consent. The primary endpoint was major adverse cardiac events (MACE), i.e., a composite of cardiac death, non-fatal myocardial infarction, and target vessel revascularisation (TVR) after 2 years. Secondary endpoints were the single components of the primary endpoint and major non-coronary artery bypass graft surgery-associated bleeding defined as Bleeding Academic Research Consortium class ≥ 3 [18] . Due to a lack of published data in the field, no formal sample size calculation was performed, but the study was designed as a pilot study with a fixed number of patients to be enrolled.
Percutaneous coronary intervention was performed according to the treating physician in charge. According to international guidelines applicable during the trial, concomitant medications consisted of aspirin 100 mg and a statin indefinitely, and clopidogrel 75 mg for 12 months after stent implantation with an adequate loading dose if indicated [19] . In addition, treatment included statins and other drugs if clinically indicated. Diabetes mellitus was defined either as the known diagnosis of the disease or ongoing treatment at baseline. The study was approved by the local Ethics Committee, and all patients gave written informed consent. An independent Clinical Endpoint Committee blinded to the randomisation groups adjudicated all endpoints.
Statistical analysis
The main statistical analysis was performed in the population randomised to the Taxus and Endeavor groups, while CoStar patients were analysed separately without formal statistical comparison due to the small number of patients in this group. Patient demographics and baseline data for each analysis set are reported overall and for each treatment arm, where relevant. Continuous variables are reported as mean and standard deviation. The median and the 1 st and 3 rd quartiles are reported separately. Categorical variables are reported as frequencies and percentages. Comparisons of demographics and baseline characteristics among the treatment arms were made using the Wilcoxon rank-sum test for continuous variables, or Fisher's exact test for categorical variables. Time-to-event endpoints are reported as Kaplan-Meier curves. Cox proportional hazards models, with stent type as the fixed variable, were used to compare hazards among the different stent types. Estimated hazard ratios (HR) and their 95 confidence intervals (CI) are reported. In analyses where a treatment arm had no events, Firth's penalized likelihood bias reduction method was used to prevent non-convergence, as implemented in the R package cox-phf [20, 21] . The proportional hazards assumption was evaluated for each model; borderline cases were also evaluated by Renyi-type tests as a sensitivity analysis. In addition, the log-rank test was applied for each endpoint; p-values are reported. Unlike HR and corresponding Wald tests, log-rank tests are not hampered by missing events in one of the treatment arms. All analyses took 0.05 as the significance level. No adjustment was made for multiple testing. Based on the results of this pilot study, a sample size was calculated using a resampling approach. Each sample size n i = 1, ..., 67 = 340, ..., 2980 for superiority was evaluated by simulating for each trial R = 499 times n i individual patients. Patients were simulated from binomial distributions with expected event rates as found in the BASKET-SMALL pilot data.
Results
A total of 200 patients were enrolled in the trial. Since the comparator stent had to be switched after the enrolment of 9 patients in the respective study arm, the study population comprised 191 patients, who were randomised to either the paclitaxel-eluting (n = 100) or the zotarolimus-eluting stents (n = 91).
Baseline characteristics between the two groups were well balanced (Table I) . Patients were on average 64.6 years old, predominantly male (79.1%), and presented with acute coronary syndrome in 55.5% of cases. Angiography showed multivessel disease in 81.7%, bifurcation lesions in 9.9%, and chronic total occlusions in 3.1%. On average, patients were treated with 2.2 stents with a total length of 39.9 mm. In 40.3% of cases, an additional stent ≥ 3 mm was placed.
After 2 years of follow-up, the MACE rate for the zotarolimus-eluting stent was twice the rate for paclitaxel-eluting stents, although this result was not statistically significant (HR = 2.09, 95% CI: 0.70-6.23, p = 0.19, Figure 1 and Table II) In a secondary analysis within the group of diabetic patients (n = 41, 22%), there was no significant interaction between diabetic status and randomisation regarding MACE at 24 months of follow-up (HR = 0.86, 95% CI: 0.08-11.76; p = 0.90). In the diabetic subgroup, MACE rates at 24 months were similar as in the overall population (paclitaxel-eluting stent 5% vs. zotarolimus-eluting stent 10%; p = 0.58; Figure 2 ). Based on the primary endpoint of this pilot study, a sample size calculation for the performance of a superiority trial comparing the Taxus stent with the Endeavor stent was performed. With a significance level of 5%, 1,019 patients would be necessary to ensure 968 evaluable patients at a power of 80%, considering an overall dropout rate of 5%.
Due to the small sample size, the CoStar population was not formally compared with the two randomised groups. Patients were on average 68.1 years old, 66.7% were male, and 77.8% had an acute coronary syndrome. Except for one major bleeding event, there were no clinical endpoints throughout the whole follow-up time, specifically no ischaemic event.
Discussion
This is the first randomised comparison of a first-generation paclitaxel-eluting stent vs. a second-generation zotarolimus-eluting stent in an all-comer population with small vessel disease. Event rates for MACE were below 10% after 2 years, which is surprising given the fact that all patients had small vessel disease and more than 50% of patients had acute coronary syndromes. Although not statistically significant, it showed a twofold higher event rate regarding MACE for the zotarolimus-vs. the paclitaxel-eluting stent. Based on these results, a sample size calculation was performed and showed that a trial of more than 1,000 randomised patients would be required to prove non-inferiority of the paclitaxel-regarding the zotarolimus-eluting stent.
The stents used in this trial were different in terms of stent body, strut size, polymer, and drug. The Taxus Liberté stent was a first-generation paclitaxel-eluting stent made from stainless steel with a strut size of 0.0038 
CI -confidence interval, HR -hazard ratio, MACE -major adverse cardiac events, MI -myocardial infarction, TVR -target vessel revascularization. Hazard ratios and p-values calculated from Cox-PH models; p-value from log-rank test provided as well.
inches (0.097 mm) coated with the durable, non-erodible polymer polyolefin. In contrast, the Endeavor Sprint stent was a second-generation zotarolimus-eluting stent made from a cobalt-chromium alloy with a strut size of 0.0036 inches (0.091 mm) coated with the durable polymer phosphorylcholine designed for better biocompatibility by mimicking a natural cell membrane. Regarding small vessel disease, the two stents have been compared in subgroups of randomised controlled trials for efficacy and safety before. The Randomized, Controlled Trial of the Medtronic Endeavor Drug [ABT-578] Eluting Coronary Stent System Versus the Taxus Paclitaxel-Eluting Coronary Stent System in De Novo Native Coronary Artery Lesions (ENDEAVOR IV) [22] randomised 1,548 patients to receive either the paclitaxel-eluting Taxus Express stent or the zotarolimus-eluting Endeavor Sprint stent and showed similar rates of target vessel failure, i.e., the composite of cardiac death, myocardial infarction, and symptom-driven target lesion revascularisation after 1 (9.5 vs. 7.7%, p = 0.188) and 2 years (13.1 vs. 11.1%, p = 0.220). In 71% of patients, a stent < 3.0 mm was implanted, with similar results as in the overall cohort (p for interaction 0.865). In addition, 14.1%, p < 0.001). In 38% of patients, a stent < 3.0 mm was implanted, with a relative risk of 1.12 (0.73-1.71) favouring the sirolimusvs. the zotarolimus-eluting stent and 0.65 (0.45-0.93) favouring the zotarolimus-vs. the paclitaxel-eluting stent. Therefore, the trials were somewhat discrepant, but zotarolimus-eluting stents were at least similar to paclitaxel-eluting stents in these post-hoc comparisons for small vessel disease.
In patients with diabetes mellitus, small vessel disease is usually more prevalent than in the normal population due to the more aggressive form of atherosclerosis. Based on some subgroup analyses of trials in patients with diabetes mellitus that showed a potential benefit of paclitaxel-compared with "limus"-eluting stents, a theory of potentially better efficacy of paclitaxel-eluting stents in small vessel disease emerged [9] [10] [11] . However, the recently published Taxus Element versus Xience Prime in a Diabetic Population (TUXEDO)-India Trial [12] refuted this theory and showed a higher rate of target-vessel failure in paclitaxel-eluting stents compared with the comparator everolimus-eluting stent (5.6 vs. 2.9%, HR = 1.89, 95% CI: 1.20-2.99, p = 0.005), at least in a diabetic Asian population.
Paclitaxel-and "limus"-eluting stents have been compared in many trials before, with better results for "limus" regarding clinical outcomes [24] . In contrast to the above-mentioned studies, the present dedicated small vessel trial showed a relative benefit of paclitaxel-vs. zotarolimus-eluting stents in an all-comer population with only 22% diabetic patients. However, due to the small sample size, this result was not statistically significant. Given the discrepancy between the current study and previous findings from retrospective subgroup analyses of larger trials and of a dedicated trial in diabetic patients, it may be hypothesised that paclitaxel-eluting stents have a similar efficacy as or even a relative benefit over "limus"-eluting stents in low-risk small vessel disease without diabetes mellitus but an inferior efficacy in high-risk small vessel disease with diabetes mellitus. It is possible that the effect of the antiproliferative drug coating with inhibition of the proliferation of endothelial and smooth muscle cells may be less important in small than large coronary vessels, specifically if a high-risk situation like diabetes mellitus is not present [25] .
A sample size calculation based on the results of our trial demonstrated that a population of more than 1,000 patients would be required for a randomised con- trolled trial to prove non-inferiority of paclitaxel-versus zotarolimus-eluting stents in low-risk small vessel disease. However, a pivotal trial of this size would be difficult to perform and seems to be futile at the present time. Therefore, the plan to perform a larger trial comparing two different stent types in small vessel disease was abandoned; instead, a multicentre randomised trial comparing DES with drug-coated balloons was designed and is currently recruiting patients (ClinicalTrials. gov Identifier: NCT01574534). Drug-coated balloons exhibit special properties such as drug release limited to the time of the highest activity of the neointimal overgrowth after barotrauma and uniform, strut-independent drug delivery [26] . They have been tested against paclitaxel-eluting stents in small native coronary vessels and showed discrepant findings [27, 28] , but represent a promising treatment modality for this indication [15, 29] . Given the nature of the present single-centre pilot trial, this analysis has several limitations. First, patients were enrolled at a single centre, and the number of patients was not sufficient to provide significant results. However, based on the good quality of the data and the design of the study as a pilot trial, these limitations may be of minor importance. Second, both stents used are not available any more in many parts of the world. However, there are still successor products for both stents with similar characteristics on the market; therefore, the results of this trial may still be valid. Third, one initial comparator stent was omitted and replaced with another stent during the study. However, the initial comparator stent was taken off the market in May 2007, and a valid replacement product was sought and found at short notice. Finally, the higher event rate of zotarolimus-eluting compared with paclitaxel-eluting stents was not statistically significant and, therefore, may be a result of chance.
Conclusions
In lesions of small coronary vessels, first-generation paclitaxel-eluting and second-generation zotarolimuseluting stents have similar outcomes after 1 year, with numerically higher rates for the second-generation "limus"-eluting stent. A sample size calculation on the basis of the present results yields a prohibitive number of patients to be enrolled in an adequately powered clinical trial. Therefore, novel alternatives to DES may be useful in lieu of DES for the treatment of lesions in small coronary vessels, e.g., drug-coated balloons. A relevant randomised controlled trial in small vessel disease is currently under way.
